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HERMAPHRODITISM AMONG NORTH AMERICAN 
FRESHWATER MUSSELS1

H enry van d e r Schalie

M useum  o f  Zoology  
The U niversity  o f  M ichigan  

A nn  A rb o r , M ichigan  48104, U.S.A.

ABSTRACT

Information on the extent of herm aphroditism  among the freshw ater m ussels 
of the rich  naiad fauna of the U .S .A . is fragm entary. In th is study the gonads 
of 1,871 specim ens belonging to  97 species in 32 genera w ere histologically ex­
am ined, using the paraffin block technique fo r sectioning. Only 4 species in 2 
unionid subfam ilies w ere shown to be dominantly herm aphroditic (monoecious); 
3 in the Anodontinae: Anodonta im becillis, Lasmigona com pressa  and a close 
re la tiv e  L . subviridis  and 1 in the Lam psilinae: Carunculina parva.

Sporadic herm aphrodites w ere found in another 22 species o r form s belonging 
to 17 genera in 2 fam ilies. Usually such individuals appear to be predominantly 
of one sex, with only a  sm all amount of gonad tissue  of the opposite sex. One 
am bisexual specim en was found in the M argaritanidae, in M argaritifera m a r­
garitifera , among 24 specim ens sectioned represen ting  2 genera and species. 
In the Unionidae accidentally monoecious individuals occurred in all 3 subfami­
lie s . Among the Unioninae, with 567 specim ens (34 species, 11 genera) examined 
such individuals w ere found in 9 species (or form s) of 5 genera, i. e ., in Elliptio 
dilatatus, E . productus, Fusconaia ebenus, F . flava , Gonidea angulata, P leuro- 
bema cordatum, P. c. coccineum, Quadrula quadrula and Tritogonia verrucosa. 
In the Anodontinae, with a  total of 479 specim ens (20species, 5 genera)sectioned, 
sporadic herm aphrodites w ere dem onstrated in 5 species belonging to 4 genera, 
of which 2 a re  the genera also containing the predominantly herm aphroditic 
species; i. e ., they occurred in: Anodonta corpulenta, A . grandis footiana  and 
Lasmigona complanata as well as in Alasm idonta marginata and Strophitis r u ­
g o su s. In the Lam psilinae, with a total of 801 specim ens (41 species, 14 genera) 
sectioned, the condition was detected in 7 further species represen ting  6 genera, 
i . e . ,  in: Actinonaias e llipsiform is, L am psilis cariosa, Leptodea laevissim a, 
Proptera alata, Ptychobranchus fa sc io la r is , P . subtentum  and Villosa (M icro-  
mya) ir is .

This ra th e r extensive survey of A m erican naiades shows that they a re  gener­
ally dioecious. W hether or not herm aphroditism  appears in anim als confronted 
with difficult environm ental conditions, as has been previously suggested, r e ­
m ains an open question.
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One of the  b e s t su m m ary  an a ly ses  of 
sex u a l d iffe ren tia tio n  am ong pelecypod 
m o llu sk s w as published by Coe (1943). 
H e in d ica ted  th a t am ong the 10,000 odd 
sp e c ie s  of b iv a lv es  about 400 w ere  known 
to  deviate fro m  the  s tr ic t ly  d ioecious o r

un isex u a l condition and s tr e s s e d  th a t in 
th e se  ev e ry  g rade  of sexual d iffe re n ti­
a tion  and of am b isexua lity  w as found. 
H erm ap h ro d itism  could be com plete, 
p a r t ia l  o r  occasional. Among the n o r­
m ally  h e rm ap h ro d itic  (am bisexual, m o-

1This paper was read  at the Second European M alacological C ongress, Copenhagen, August, 1965 
and abstracted  in M alacologia, 1966. It has now been brought up to  date in m inor details.
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noecious) m arine  sp ec ie s  studied, som e 
exhibited  a lte rn a tiv e  sexual p h ases, in ­
cluding functional herm ap h ro d itism . Not 
only could sp ec ies  of the sam e  genus 
d iffe r considerab ly  in  sexuality  bu t th e re  
ex is ted  v ariab ility  in  d iffe ren t in d i­
v iduals of the sam e sp ec ies  o r  in  single 
ind iv iduals a t d ifferen t p e rio d s  of life. 
S im ila rly , the  d is trib u tio n  of ovogenic 
and sperm atogen ic  t is s u e s  a lso  showed 
g re a t varia tion . The observed  v a ria b ility  
i s  a ttrib u ted  to the in te rp lay  betw een 
m ultip le  h e red ita ry  sex d ifferen tia ting  
m ech an ism s and environm ental fa c to rs , 
though evidence a s  to  the influence of the 
la t te r  ye t needed fu r th e r  and mo r e  d irec t 
ex perim en ta l proof.

As re g a rd s  fre sh w a te r  m u sse ls , the 
sp h a e riid s  a re  a ll known to be h e r ­
m aphrod itic , but re la tiv e ly  l i ttle  is  known 
about the extent of h e rm ap h ro d itism  in 
the  la rg e r  fo rm s. A s la te  a s  1926, 
P e ls e n e e r  noted th a t the  num ber of 
fre sh w a te r  m u sse ls  investig a ted  in  th is  
re s p e c t  w as not g rea t. That the  unionid 
Anodonta  may show the condition has 
b een  known fo r a  long tim e . W eisensee 
(1916), in  a  sch o la rly  a r tic le  on the  sex 
of Anodonta, thoroughly rev iew s the 
o b se rv a tio n s  m ade since the tim e  of 
Leeuw enhoek in 1722: he s ta te s  (on p 275): 

"Seit d e r  A rbeit von L acaze-D u th ie rs  
ü b er den G en ita lapparat d e r L am e lli-  
b ran ch ia ten  w urde die F rag e  nach d e r 
G esch lech tsverte ilung  be i Anodonta  
n icht m eh r zum  G egenstand e inge­
h e n d e re r  U ntersuchungen gem acht. 
S eit d ie sem  Zeitpunkt w ar m an  d e r 
A nsicht - und d iese  A nsicht finden w ir 
in  fa s t  a llen  heutigen L eh rb ü ch ern  
v e r tre te n  -  dass  sowohl Anodonta  a ls  
auch Unio in d e r R egel g e tre n n t­
gesch lech tlich  s e ie n .”2

t r a n s la t io n :  “Since L acaze-D uth iers’ [1894]
work on the genital apparatus of the lam elli- 
branchs, the question of sex  distribution in 
Anodonta has not been made the object of 
fu rther detailed investigation. The general 
view held since that tim e -  a view to be found 
in  alm ost all textbooks today -  is  that Ano­
donta, as well as Unio, a re , as a ru le , of 
separate  sexes. ”

H erm ap h ro d itism  in B ritish  Anodonta  
w as in tensively  studied by B loom er 
(1930, 1934, 1935, 1939). P e lse n e e r 
(1920) quotes S ch ie rh o lz ’s  re p o r t  of 
M arg a ritifera  a s  an occasional h e r ­
m aphrod ite  in G erm any. In the U.S.A. 
S te rk i (1898) recogn ized  h e rm ap h ro ­
d itism  in  3 unionids '.Anodonta im b ec illis , 
Carunculina parva  and F usconaia  flava. 
In  the la t te r  2 g en e ra  fo r the  f i r s t  tim e 
O rtm ann  (1912) noted, how ever, th a t m ost 
o f the  U nioninae have se p a ra te  sexes. 
The h istology of the gonads of Caruncu­
lina parva  w as la te r  s tud ied  by Tepe 
(1943).

The aim  of the  p re se n t study w as to 
in v estig a te  the extent of h e rm ap h ro d it­
is m  among the num erous sp ec ie s  of 
f re sh w a te r  m u sse ls  (Unionacea) and, if 
p o ss ib le , to gain  in fo rm ation  on fac to rs  
th a t m ay se rv e  to induce h e rm a p h ro ­
d itism . D uring the p a s t s e v e ra l y e a rs  
m a te r ia l  w as co llec ted  fro m  widely d is ­
tr ib u te d  locations, and 1,871 specim ens 
belonging to 97 sp ec ie s  (or fo rm s) in  32 
g en e ra  (Table 1) w ere  h is to log ica lly  ex­
am ined. The d is trib u tio n  of th e se  spec ies 
a s  to fam ily  group  w as a s  follow s: 2
sp e c ie s  in  the M arg aritan id ae; and, in 
th e  Unionidae, 34 sp ec ies  in  the Uni­
oninae, 20 in  the  Anodontinae and 41 in 
the  L am psilinae.

The spec im ens w ere  anaesthetized  
(usually  in  sodium  nem butal) and k illed  
and  fixed (m ostly in  Bouin’s fluid). They 
w ere  then  se r ia lly  sectioned  in  paraffin  
and  sta ined  w ith haem atoxylin  and eo s in .3

RESULTS

In the p re se n t study, only 4 unionid 
sp e c ie s  have been  found to b e  dom inantly 
h erm ap h ro d itic  (Tables 1, 2), w hile spo­
ra d ic , som etim es p a r tia l  h e rm a p h ro ­
d ite s  w ere  found in 22 sp e c ie s  d is trib u ted  
in  a ll fa m ilie s  and su b fam ilies (Tables 1,

o
The investigation is continuing. To date an­
other 2000 specim ens have been quick frozen 
and sectioned with a  cryosta t (a m icrotom e 
designed to cut frozen tissue). So fa r, no 
essen tial differences from  the resu lts  r e ­
ported in this paper have been found.
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TABLE 1. North A m erican freshw ater m ussels sectioned to determ ine 
sex  (97 species; 32 genera)

Species Nos. sectioned

MARGARITANIDAE (2 species; 2 genera)

Cumberlandia monodonta (Say) 12
* M argaritifera m argaritifera  (Linnaeus) 12

24

UNIONIDAE (95 species; 30 genera)

Unioninae (34 species; 11 genera)

Amblema boykiniana (Lea) 5
Am blem a costata  (Rafinesque) 15
Amblema costata plicata  (Say) 1
Am blem a n e is le r ii (Lea) 6
Am blem a peruviana  (Lamarck) 1
Amblema perplicata  (Conrad) 6
Cyclonaias tuberculata (Raf. ) 20
Elliptio buckleyi (Lea) 6
Elliptio complanatus (Dillwyn) 5
Elliptio crassidens  (Lamarck) 22

*Elliptio dilatatus (Raf. ) 68
Elliptio fra tern u s  (Lea) 8

* Elliptio productus (Conrad) 9
Elliptio sloatianus (Lea) 6
Elliptio strigosus  (Lea) 6
Elliptio tuom yi (Lea) 6
Fusconaia bam esiana  (Lea) 6

*Fusconaia ebenus (Lea) 35
*Fusconaia flava  (Raf. ) 68
Fusconaia succissa  (Lea) 34

*Gonidea angulata (Lea) 12
Lexingtonia dolabelloides (Lea) 7
Megalonaias gigantea (Barnes) 2
Plethobasus cooperianus (Lea) 1
Plethobasus cyphyus (Raf. ) 1

^Pleurobema cordatum  (Raf. ) 38
^Pleurobema cordatum coccineum  (Conrad) 35
Pleurobema pyriform e  (Lea) 8
Pleurobema strodeanum  (B. H. Wright) 7
Quadrula cylindrica  (Say) 4
Quadrula pustulosa  (Lea) 23

*Quadrula quadrula (Raf.) 85
Quadrula quadrula speciosa  (Lea) 2

* Tritogonia verrucosa  (Raf. )  9
567

Anodontinae (20 species; 5 genera)

Alasmidonta calceolus (Lea) 86
*Alasmidonta marginata (Say) 48
Alasmidonta undulata (Say) 4
Anodonta couperiana Lea 6
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Table 1 (contd. )

Species Nos. sectioned

Anodontinae (contd. )

*Anodonta corpulenta Cooper 35
Anodonta californiensis Lea 6

^Anodonta grandis footiana {Lea) 12
Anodonta cataracta Say 2
Anodonta hallenbeckii Lea 1

**Anodonta im becillis  Say 105
Anodonta marginata Say 6
Anodonta suborbiculata Say 5
Anodontoides ferussacianus  (Lea) 38
A rcidens confragosus (Say) 14

*Lasmigona complanata (Barnes) 3
**Lasmigona com pressa  (Lea) 25

Lasmigona costata (Raf. ) 8
**Lasmigona subviridis  (Conrad) 2

*Strophitus rugosus (Swainson) 64
Strophitus undulatus (Say) __9

479

Lam psilinae (41 species; 14 genera)

*Actinonaias ellipsiform is  (Conrad) 206
Carunculina corvunculus (Lea) 6

^C arunculina parva  (Barnes) 14
Carunculina vesicularis  (Lea) 15
Dysnomia compacta (Lea) 1
Dysnomia triquetra  (Raf. ) 8
Lam psilis anodontoides (Lea) 10
L am psilis anodontoides floridensis  (Lea) 1

*L am psilis cariosa (Say) 7
L am psilis claibornensis (Lea) 27
L am psilis clarkiana (Lea) 1
L am psilis dolabraeformis (Lea) 5
Lam psilis excavata (Lea) 7
Lam psilis fascio la  (Raf. ) 44
Lam psilis hydiana (Lea) 6
L am psilis siliquoidea  (Barnes) 41
L am psilis siliquoidea rosacea  (DeKay) 18
L am psilis splendida (Lea) 11
L am psilis subangulata (Lea) 6
L am psilis tampicoensis (Lea) 6
Lam psilis ventricosa  (Barnes) 20
L am psilis ventricosa cohongoronta (Ort. ) 8
Leptodea fra g ilis  (Raf. ) 18

*Leptodea laevissim a  (Lea) 72
Ligumia nasuta (Say) 26
Medionidus simpsonianus W alker 9
Obliquaria reflexa  Rafinesque 10
Obovaria subrotunda (Raf. ) 3
Plagióla lineolata (Raf. ) 5

*Proptera alata (Say) 14
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Table 1 (contd. )

Species Nos. sectioned

Lam psilinae (contd. )

Proptera purpurata  (Lamarck) 2
*Ptychobranchus fa sc io la ris  (Raf. ) 22
*Ptychobranchus subtentum  (Say) 18

Truncilla donaciformis (Lea) 11
Truncilla truncata (Raf. ) 1
Villosa (Micromya) fabalis  (Lea) 4

* Villosa (Micromya) ir is  (Lea) 77
Villosa (Micromya) lienosa (Conrad) 11
Villosa (Micromya) nebulosa  (Conrad) 4
Villosa (Micromya) ogeecheensis (Conrad) 9
Villosa (Micromya) vibex (Conrad) 17

801
1,871

^Occasionally herm aphrodites 

**Dominantly herm aphrodites

3). Some of th e se  sp ec ie s  a re  d iscu ssed  
in  the  follow ing. D ata illu s tra tin g  the 
gonadal p ic tu re  in  27 spec im ens belong­
ing  to 23 sp e c ie s  o r fo rm s  a re  given in 
th e  legends to the  fig u res .

I. M arg a ritan id ae

M a rg a ritife ra  m a rg a ritife ra  
(Linnaeus)

Fig. 4

T h is  long -lived  c ircu m p o la r p e a r l 
p roducing  m u sse l is  in te re s tin g  in  s e v e r ­
a l re s p e c ts . C om fort (1957) w ro te : "If 
th e  1 0 0 -y ea r e s tim a te  of longevity in 
M. m a rg a r itife ra  (L.) i s  c o rre c t, i t  is  
th e  lo n g es t- liv ed  in v e rte b ra te  known. A 
life  span  of th is  o rd e r  in  the  w ild would 
im ply  an exceedingly low adult m o r­
ta l i ty .” Subsequently  H endelberg  (1960) 
re p o r te d  th a t the  sp ec ie s  could live, at 
le a s t,  116 y e a rs . As a lread y  indicated, 
S ch ierho lz  (quoted by P e lse n e e r , 1920) 
found 1 h e rm ap h ro d ite  among 80 sp e c i­
m en s fro m  n o rth e rn  G erm any th a t he 
sec tioned , w hile H endelberg  (1960) fa iled  
to  find any in  a  s e r ie s  of 20 specim ens 
f ro m  a rc t ic  Sweden.

In 1962 I co llec ted  M a rg a ritife ra  fro m  
P o le  C at C reek  in  Y ellow stone N ational 
P a rk , W yoming, U.S.A. One of a  s e r ie s  
of 12 spec im ens sectioned  w as h e r ­
m ap hrod itic  (Fig. 4).

II. Unionidae

a. Unioninae

P a ra ffin  sec tio n s  w ere  m ade of 567 
sp ec im en s  of th is  subfam ily, re p re s e n t­
ing  34 sp ec ies . W hile none w ere  found 
to  be re g u la r ly  herm ap h ro d itic , 9 w ere  
found to  be occasionally  so, a s  de tailed  
in  T ab le s  1 and 3. O rtm ann (1912) had 
a lre a d y  c le a r ly  s ta ted  th a t m ost of the 
U nioninae had se p a ra te  sexes. He a lso  
noted th a t the gonadal t is s u e s  of these  
m u sse ls  w ere  highly co lo red , showing 
v a rio u s  tin ts  of o range, pink o r  b rig h t 
c rim so n . W hile i t  h as  been  s ta ted  th a t 
th is  co lo ring  is  a sso c ia te d  w ith egg p ro ­
duction, O rtm ann’s  s tu d ies  (: 244) would 
in d ica te  th a t the  co lo r m ay be found in 
m a le s  a s  w ell a s  fem ales . He a s s e r ts  
th a t th e re  is  “no re la tio n  of th ese  co lo rs  
to  s e x .” My own o b se rv a tio n s  c o rro b o ­
ra te  h is  sta tem en t.
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Fusconaia fla va  
(Rafinesque)

F igs. 8, 9

So fa r  a s  I can d e te rm in e , S terk i 
(1898) w as the f i r s t  and only one to in d i­
ca te  th a t th is  sp ec ies  "had a  few acini 
producing ova in the gonad charged  with 
copious sp e rm ."  The d istinc tion , he ex­
plained, was p a rtic u la rly  easy because  
of the b rig h t crim son  co lor of the ova. 
The a n im a l's  v is c e ra l m ass  indeed often 
show s a  s trik in g  coloration . In the sp ring  
of 1962, a  la rg e  co llection  of Fusconaia  
fla va  w as m ade in  the  headw aters of the 
G rand R iver in  Michigari. Some an im als 
in  th is  s e r ie s  w ere orange, o th e rs  white. 
W hen an equal num ber of each  w ere 
sectioned , the p rop o rtio n  of m a le s  and 
fem a le s  w as about equal, which ten d s to 
support the view th a t v is c e ra l co lo ra tion  
i s  not a sso c ia ted  w ith sex. The h e r ­
m aphroditic  individuals fig u red  w ere 
taken  in  1959 and 1960 fro m  O re C reek, 
a  tr ib u ta ry  in  the Saginaw drainage.

b. Anodontinae

In th is  subfam ily 479 spec im ens r e p r e ­
sen ting  20 sp ec ies  w ere  sectioned  (Table 
1). Of these , 8 sp ec ie s  had h e rm a p h ro ­
d itic  gonads: in 3 of th ese  sp e c ie s  o r
fo rm s  the condition w as found to  be 
dom inant (T ab les 1, 2); in  the 5 o th e rs  
the  condition is  r a r e  (T ables 1, 3). Four 
of the sp ec ies  showing h e rm ap h ro d itism  
a re  d iscu ssed  below.

Anodonta im b e c illis  Say4 
Fig. 1

Again S terk i (1898) w as the f i r s t  to 
notice th a t a ll of the spec im ens of A n o ­
donta im b e c illis  he exam ined w ere  
gravid . He found "ova and sp e rm a  in  
v a rio u s  p ro p o rtio n s .” The sp e c ie s  is  
rep o rte d  to be dom inantly m onoecious. 
I t  i s  a lso  of in te re s t  th a t 3 c h a ra c te r ­
is t ic s , i .e . ,  the h erm ap h ro d itic  s ta te , 
the  lack  of elevated  um bones and the

4The related  species Anodonta henryana Lea 
and A. gibbosa Say have not been sectioned in 
this study, but from  prelim inary  examination 
it would seem  that they a re  not monoecious.

supposed m etam o rp h o sis  w ithout p a ra ­
s it ism , induced F. C. B aker (1927) to 
e s ta b lish  the genus U tterbackia. How­
ev e r, M ary T u ck er (1928) showed c lea rly  
th a t Anodonta im b e c illis  does have a 
no rm al f ish  host, the g re e n  sunfish, 
A p o m otis  cyanellus.

Many y e a rs  ago, (1940) I m ade s e r ia l  
sec tio n s  of spec im ens of th is  sp ec ies  
f ro m  the Ann A rbor, M ichigan, a re a . It 
w as evident th a t the ac in i com posing the 
m ale  e lem en ts w ere  c h a ra c te r is tic a lly  
loca ted  along the  s id es  of the v is c e ra l 
m a ss  and w ere not a s  widely d is trib u ted  
a s  the acin i containing the eggs. M ore 
re c e n tly  I exam ined an im als  considered  
to  belong to th is  sam e sp ec ie s , from  
H illsbo ro  R iv e r in  F lo rid a . It cam e 
som ew hat as  a s u rp r is e  to find th a t the 
sex es  of th a t population w ere  sep ara te . 
In  a re c e n t paper, Johnson (1965) re p o r ts  
a  h ith e rto  unrecognized  sp e c ie s  of A no­
donta, which he c a lls  A . peggyae, also 
giving H illsboro  R iv e r a s  one of the 
lo c a litie s . T h is re p o r t sug g ests  th a t the 
d iffe ren ce  in  the  sexual condition ob­
se rv e d  betw een the n o rth e rn  and southern  
fo rm s , thought to  be one of geographical 
s tra in , m ight even be specific , a  moot 
point. Johnson, incidentally , c o rre c ts  
th e  spelling  of the sp ec ific  nam e im ­
b ec illis  to im b e c ilis .

Anodonta g ra n d is  foo tiana  (Lea)
Fig. 15

O bserv a tio n s by B oycott and Oldham 
led  B loom er (1930, 1934, 1935, 1939) to 
ex tensively  investiga te  the  sex  conditions 
of Anodonta cygnea  (L.) in the B ritish  
is le s . F ro m  the s tru c tu re  of the gonad 
he suspec ted  p ossib le  sex  re v e rs a l 
(1934). Studying the ra t io s  of m ales, 
fe m a le s  and h e rm ap h ro d ite s  in  v a rious 
populations (1939) he found th ese  constant 
fo r , but vary ing  betw een, populations. 
H is  stim ula ting  p a p e rs  a ro u sed  our c u r i­
osity  and our in te re s t  in  Anodonta grand is  
Say, the m ost com m on N orth  A m erican 
sp e c ie s , about which, in c o n tra s t to A . 
im b e c illis ,  no in fo rm ation  w as available. 
A s re p o rte d  by van d e r Schalie  & Locke 
(1941), gonads of a  lake fo rm  of th is  
sp ec ie s , A . g rand is foo tiana  w ere 
sec tioned  and h e rm ap h ro d itism  was
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TABLE 2. The only North Am erican naiades in which herm aphro­
ditism  is  the dominant condition

Fam ilies Species

MARGARITANIDAE none

UNIONIDAE:

Unioninae none

Anodontinae Anodonta im becillis  Say (Fig. 1)
Lasmigona com pressa  (Lea) (Fig. 2) 
Lasmigona subviridis (Conrad)

Lam psilinae Carunculina parva  (Barnes) (Fig. 3)

TABLE 3. Species of North A m erican naiades in  which herm aphro­
dites w ere occasionally found

MARGARITANIDAE

M argaritifera m argaritifera  (Linn. ) (Fig. 4)

UNIONIDAE

Unioninae

Elliptio dilatatus (Raf.) (Figs. 5, 6)
Elliptio productus  (Conrad) (Fig. 7)
Fusconaia flava  (Raf.) (Figs. 8, 9)
Fusconaia ebenus (Lea)
Gonidea angulata (Lea) (Fig. 17)
Pleurobema cordatum  (Raf. )
Pleurobema cordatum coccineum  (Conrad) (Figs. 10, 11) 
Quadrula quadrula Raf.
Tritogonia verrucosa  (Say) (Fig. 12)

Anodontinae

Alasmidonta marginata  (Say) (Figs. 13, 14)
Anodonta corpulenta Cooper (Fig. 16)
Anodonta grandis footiana {Leo.) (Fig. 15)
Lasmigona complanata (Barnes) (Fig. 18)
Strophitus rugosus  (Swainson) (Fig. 19)

Lampsilinae

Actioncmaias ellipsiform is{Conrad) (Figs. 20, 21) 
Lam psilis cariosa  (Say) (Fig. 22)
Leptodea laevissim a  (Lea) (Fig. 23)
Proptera alata (Say) (Fig. 24)
Ptychobranchus fa sc io la ris  (Raf. ) (Fig. 25) 
Ptychobranchus subtentum  (Say) (Fig. 26)
Villosa (M icromya) ir is  (Lea) (Fig. 27)
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FIGS. 1 -9 . Gonadial tissues of some North A m erican naiades showing various 
degrees of herm aphroditism  (stain: haematoxylin and eosin).

FIG. 1. Anodonta im becillis  (Say). Huron R iver, above Ypsilanti, Washtenaw Co., Michigan. 
May 25, 1940. Henry van der Schalie, Collector. Specimen: 5 years old. Normal herm aphro­
dite with m ale and fem ale tissues separated so that m ale gonad is found along the upper and outer 
sides of the v iscera l m ass. (Original photomicrograph taken at X 100).

FIG. 2. Lasmigona com pressa  (Lea). Ore C reek, 5 m i. below H artland, Michigan. June 9, 
1959. Henry van der Schalie, Collector. Specimen: 82 mm long, 5 years old, gravid. A typical 
and norm al herm aphrodite with eggs in one follicle and sperm  developed in another. (Taken at 
X 125).

FIG. 3. Carunculina parva  (Barnes). Tennessee R iver, Station 3, near New Johnsonville, 
Tennessee. October 16, 1964. John M. Bates, C ollector. Specimen: 27. 5 mm long, 8 years 
old, not gravid. A norm al herm aphrodite with m ale and fem ale fo llicles separate . (Taken at 
X 125).

FIG. 4. M argaritifera m argaritifera  (L.). Pole Cat Creek, just south of Yellowstone Park, 
Wyoming. August 15, 1962. Henry van der Schalie, Collector. Specimen: 34 mm long, 5 years 
old, not gravid. Note that m ale and female follicles a re  separate . (Taken at X 125).

FIG. 5. Elliptio dilatatus (Raf. ). C ranberry C reek, Byron, Shiwassee Co. , Michigan. June 
5, 1961. Henry van der Schalie, Collector. Specimen: 67 mm long, 8 years old, not gravid. 
Mainly fem ale, but with m ale tissue developing in fem ale fo llicles; eggs seem  to be developing 
normally. (Taken a t X 125).

FIG. 6. Elliptio dilatatus (Raf. ). French Creek, tr ib . Allegheny R iver, 5 m i. north of Mead- 
ville, Pennsylvania. July 17, 1961. MacKenzie Keith, C ollector. Specimen: 4 years old, 61m m  
long, gravid. Sperm atogenesis clearly  evident in fem ale follicles. (Taken at X 125).

FIG. 7. Elliptio productus (Conrad). Savannah R iver, above Route 301 bridge, south of Allen­
dale, S. Carolina. June 24, 1964. John M. B ates, Collector. Specimen: 59 mm long, 6 years 
old, not gravid. A sm all amount of norm al fem ale tis su e  present in a preponderantly male 
specim en. (Taken a t X 125).

FIG. 8. Fusconaia flava  (Raf.). Ore Creek, 1 m i. northwest of H artland, Livingston C o., 
Michigan. May 22, 1960. Henry van der Schalie, Collector. Specimen: 74 mm long, 12 years 
old, not gravid. A female with only a  sm all amount of sperm atogenesis in wall of follicles. 
(Taken a t X 125).

FIG. 9. Fusconaia flava  (Raf.). Ore Creek a t Clyde Road, below H artland, Livingston Co. , 
Michigan. June 25, 1959. Henry van d er Schalie, Collector. Specimen: 68 mm, 11 years old, 
not gravid; predominantly m ale with only sm all foci of fem ale tissue  and eggs tending to be sup­
p ressed . (Taken at X 100).
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FIGS. 10 -18 . Gonadial tissu es of som e North Am erican naiades showing v a ri­
ous degrees of herm aphroditism  (stain: haematoxylin and eosin).

FIG. 10. Pleurobema cordatum coccineum {Conrad). South branch C ranberry  C reek a t Byron, 
Shiawassee Co., Michigan. Nov. 21, 1960. Henry van d er Schalie, Collector. Specimen: 35 mm 
long, 3 years old, not gravid; m ostly fem ale tissue  with only a sm all amount of d isc re te  male 
follicles. (Original photomicrograph taken at X 100).

FIG. 11. Pleurobema cordatum  (Rai.). Tennessee R iver, above New Johnsonville, Tennessee. 
Nov. 11, 1963. John M. B ates, C ollector. Specimen: 80 mm long, 17 years old, not gravid; 
appears to be about half m ale and half fem ale with eggs poorly developed in fo llicles with sper­
matogenesis in walls. (Taken at X 100).

FIG. 12. Tritogonia verrucosa  (Raf.). Guadalupe R iver, 1/2 m i. w est of Sequin, Guadalupe 
C o., Texas. August 22, 1962. John M. B ates, C ollector. Specimen: 66 mm long, 5 years old, 
not gravid; mainly fem ale with patches showing sperm atogenesis. (Taken at X 125).

FIG. 13. Alasmidonta marginata  (Say). R iver Raisin, Sharon Hollow, Washtenaw Co., Michi­
gan. July 20, 1962. Henry van d er Schalie, Collector. Specimen: 41 mm long, 3 years old, 
not gravid; evidently a  fem ale with patches of sperm  developing in walls of fo llicles; eggs do not 
seem  norm al in development. (Taken a t X 125).

FIG. 14. Alasmidonta marginata {Say). Powell R iver, a t U. S. 25 E, Claiborne Co., Tennes­
see. June 23, 1961. B. Dazo and H. van der Schalie, C ollectors. Specimen: 62 mm long, 10 
years old, not gravid; evidently sex quite mixed so that many egg follicles have sperm atogenesis 
in walls with eggs often suppressed  in development. (Taken a t X 125).

FIG. 15. Anodonta grandis footiana ( Lea). Zukey Lake, Lakeland, Livingston Co., Michigan. 
M a y i i ,  1940. Henry van der Schalie, C ollector. Specimen: 7 years old; m ostly m ale with only 
sm all amount of female tis su e  which seem s to be norm al in development. (Taken a t X 125).

FIG. 16. Anodonta corpulenta Cooper. Tennessee R iver, slough along r iv e r  a t m ile 97.7, 
n ea r New Johnsonville, Tennessee. October 16, 1964. John M. B ates, C ollector. Specimen: 
81 mm long, 5 years old, gravid; eggs do not appear to be developing norm ally and sperm ato­
genesis appears in walls of som e fo llic les. (Taken a t X 125).

FIG. 17. Gonidea angulata (Lea). Snake R iver, near B liss, Idaho. August 18, 1962. Henry
van der Schalie, Collector. Specimen: 117 mm long, 15 years old, not gravid; a  typical h e r­
maphrodite with both male and fem ale tissu es well developed. (Taken at X 125).

FIG. 18. Lasmigona complanata (Barnes). River Rouge, Michigan. October 1, 1962. Carol
Geake, Collector. Specimen: 170 mm long, 12 years old, gravid; the gonad appears to be mostly 
fem ale but with scattered  sperm atogenesis in the walls of many follicles. (Taken at X 125).



HERMAPHRODITISM IN NAIADES 103



104 H. VAN DER SCHALIE

FIGS. 19- 27. Gonadial tissues of som e North A m erican naiades showing v a ri­
ous degrees of herm aphroditism  (stain: haematoxylin and eosin).

FIG. 19. Strophitus rugosus (Swainson). Inlet to Zukey Lake, Livingston C o., Michigan. July 
14, 1960. Bonifacio Dazo, Collector. Specimen: 56 mm long, 4 years old, gills not c lea r as to 
gravid s ta te ; m ostly male with only a sm all amount of fem ale tissue. (Original photomicrograph 
taken at X 125).

FIGS. 20 & 21. Actinonaiàs ellipsiform is (Conrad). O re C reek, a t Clyde Road, near Hartland, 
Livingston C o., Michigan. Henry van der Schalie, Collector. Specimen: 67 mm long, 10 years 
old, not gravid; one of m ost unusual herm aphrodites observed in that m ale and female tissues 
quite thoroughly mixed. (Taken at X 125).

FIG. 22. L am psilis cariosa {Say). Potomac R iver, Point of Rocks, n ear F rederick , Maryland. 
September 22, 1962. John M. Bates, Collector. Specimen: 100mm long, 8 years old, not gravid; 
eggs in poor development but in d iscre te  fo llicles; som e sperm atogenesis in w alls of poorly de­
veloped fem ale follicles. (Taken a t X 125).

FIG. 23. Leptodea laevissim a  (Lea). Tennessee R iver, at m ile 97. 7 near New Johnsonville, 
Tennessee. October 16, 1964. John M. B ates, Collector. Specimen: 55 mm long, 3 years old, 
gravid; m ostly female but with sm all foci of what appears to be developing sperm . (Taken at 
X 125).

FIG. 24. Proptera alata (Say). Lake E rie , a t 32 feet depth n ear Middle S iste r Island, Ohio. 
August 22, 1962. Yarl Hiltunen, Collector. Specimen: 66 mm long, 5 years old, gravid; mainly 
fem ale tis su e  but with a herm aphroditic trend  shown by an incipient sperm atogenesis. (Taken at 
X 100).

FIG. 25. Ptychobranchus fa sc io la ris  (Raf. ). L ittle Portage R iver, above Toma Road, Wash­
tenaw Co. , Michigan. Bonifacio Dazo, Collector. Specimen: 69 mm long, 9 years old, gravid; 
mainly fem ale but with sm all areas of sperm atogenesis scattered  throughout the glandular 
m asses . (Taken at X 125).

FIG. 26. Ptychobranchus subtentum  (Say). Powell R iver, at U. S. 23 E, Claiborne Co., Ten­
nessee. August 23, 1961. B. Dazo and H. van d er Schalie, C ollectors. Specimen: 82 mm long, 
15 years old, not gravid; a  fem ale with c lea r-cu t patches of m ale tissue with follicles showing 
poor development of eggs. (Taken at X 125).

FIG. 27. Villosa (Micromya) ir is  (Lea). R iver R aisin, Sharon Hollow, Washtenaw Co., Michi­
gan. Ju ly  20, 1962. Norman Reigle, Collector. Specimen: 33 m m  long, 3 years old; female 
with g ills about spent; m ainly fem ale, but with unusually abundant sperm atogenesis appearing in 
walls of many fem ale fo llic les. (Taken a t X 100).
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106 H. VAN DER SCHALIE

dem o n stra ted  in  2 out of 14 specim ens.

L asm igona co m p ressa  (Lea) and 
L . su b v ir id is  (Conrad)

Fig. 2

All 25 specim ens of L asm igona  c o m ­
p r e s s a  co llected  fro m  se v e ra l c re e k s  in 
M ichigan w ere  herm aphrod itic . T his 
sp ec ie s  i s  w idespread  and unique in that 
i t  i s  able to occupy very  m inute c re e k s  
and s tre a m s  - p laces  in  which often no 
o th e r m u sse ls  a re  found.

A c lose ly  re la te d  e a s te rn  sp ec ie s  of 
s im ila r  ecology, L . su b v ir id is ,  h as  also  
been  found fo r the f i r s t  tim e  to be dom in­
an tly  herm ap h ro d itic  (2 out of 2 ex­
am ined). The re la tio n sh ip  of th ese  2 
sp e c ie s  i s  uncerta in .

Strophitus rugosus  (Swainson)
Fig. 19

Among o thers, a  s e r ie s  of 64 sp e c i­
m ens w as co llec ted  in a c re e k  con­
necting  2 lakes in  L iv ingston  County, 
M ichigan, in every  m onth of the  yea r. 
The herm ap h ro d itic  condition w as ob­
se rv e d  in  only 1 specim en. T h e re  w as 
a  c le a r-c u t sep a ra tio n  betw een the m ale 
and fem ale  t is su e s . The an im al w as 
co llec ted  on Ju ly  14, 1960, and th e re  w ere  
su ffic ien t eggs in a  norm al s ta te  to in d i­
ca te  th a t the specim en  w as a  functional 
herm aphrod ite .

c. L am psilinae

In th is  subfam ily 801 spec im ens r e p r e ­
sen ting  41 sp ec ie s  w ere  sectioned  (Table 
1); 8 sp ec ies  belonging to 7 g en e ra  w ere  
found to be herm ap h ro d itic ; one, C arun­
culina  parva  w as re g u la rly  am bisexual 
(T ab les 1, 2) and 7 sp e c ie s  w ere  o c ­
casionally  so (T ables 1, 3).

Carunculina parva  (B arn es)5 
F ig. 3

H erm aphrod itism  in th is  sp e c ie s  w as

5
Two other species of Carunculina, C. cor-  
vunculus (Lea) and C. vesicularis  (Lea), col­
lected in southern s ta te s , w ere not found to 
be monoecious.

re p o rte d  a t an e a r ly  date  (Sterki, 1898). 
Tepe (1943) ca re fu lly  stud ied  the h is ­
tology of the  gonads. He re p o rte d  the 
o ccasio n a l p re se n c e  of h erm aphrod itic  
ac in i th a t contained eggs a s  w ell as  
sp e rm  and m ade the  following sta tem en t 
reg a rd in g  th is  condition:

"In m ost in s ta n c e s  i t  w as observed  
th a t eggs enclosed  in  m ale  fo llic le s  w ere  
sm a lle r  (20-24 m ic ro n s) than  eggs from  
s tr ic t ly  fem ale  fo llic le s  (40-100 
m ic ro n s). The eggs in  e ssen tia lly  m ale 
fo llic le s  w ere  f re e  fro m  germ in a l ep ithe­
lium , and th e ir  sm a ll s ize  does not seem  
to  ind ica te  im m atu rity . Both eggs and 
sp e rm ato zo a  appeared  m atu re  in  a ll  the 
ind iv iduals, which would seem  to  indicate 
th a t th is  he rm ap h ro d itic  condition does 
not re p re se n t a phase in a  p erio d ic  sex 
r e v e r s a l .”

O ur s tu d ies  on 14 ind iv iduals fro m  the 
T en n essee  R iv e r show essen tia lly  the 
sam e conditions. All individuals ex­
am ined w ere  h erm ap h ro d ites ; 2 of them  
a lso  had acin i w ith both eggs and sperm .

A ctiona ias e ll ip s ifo rm is  
(Conrad)

F igs. 20, 21

In an e a r l ie r  study (H. &, A. van der 
Schalie, 1963) som e 200 spec im ens of 
th is  sp ec ie s  w ere  co llec ted  over an ex­
tended period . It w as found th a t the 
gonads rem ain ed  u nd iffe ren tia ted  fo r  the 
f i r s t  2 y e a rs . All spec im ens 2 y e a rs  
o ld  o r o ld e r w ere  e ith e r  d is tin c tly  m ale 
o r  fem ale , except fo r one h e rm a p h ro ­
dite . T h is specim en  w as the  la rg e s t 
(68 mm ) of a  s e r ie s  of 25 individuals 
tak en  la te  in  June fro m  O re C reek, 
L iv ingston  Co., M ichigan, of w hich 13 
w ere  g rav id  and 12 non-grav id . It w as 
o rig in a lly  considered  a  fem ale  because 
th e  low er p o s te r io r  p o rtio n  of the ou ter 
g ili showed a  sm a ll am ount of m arsu p ia l 
t is su e . At th a t tim e  the an im al was 
reach in g  the end of the sp rin g  glochidial 
shedding period , but th e re  w as enough 
g ili  m odification to show it w as function­
in g  a s  a  fem ale . I ts  herm ap h ro d itic  
condition w as not d isco v e red  until the 
gonads w ere  sectioned, when it  w as found
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th a t m ale  and fem ale  t is su e  w as quite 
thoroughly  m ixed.6 T h is  m u sse l, w ith 
10 annuli on the sh e ll, w as the  o ld est of 
th e  s e r ie s . On the chance th a t th is  h e r ­
m ap hrod itic  condition m ight be a s s o c i­
a ted  w ith senescence, the o th e r la rg e  
sp ec im en s of th is  s e r ie s  w ere  r e ­
exam ined, but r e s u lts  w ere  negative.

Villosa  (M icrom ya) i r is  (Lea)
Fig. 27

A specim en  of th is  sp e c ie s  h as  also  
been  found to have s im ila r ly  m ixed gonad 
t i s s u e ,6 sim ultaneously  producing eggs 
and sperm .

DISCUSSION

H erm aphrod itism  in  m o llu sk s is  sup ­
posed  to be d eriv ed  fro m  an o rig ina lly  
d ioecious condition. Some au th o rs  
em phasize  th a t the condition ten d s to 
ap p ear in  situ a tio n s when the an im al is  
confronted with d ifficu lties  in  i t s  norm al 
rep ro d u c tiv e  activ ity . Hence h e r ­
m ap h ro d itism  m ight be an adaptive 
m echanism , giving the  sp e c ie s  som e 
evolu tionary  advantage.

Now th a t a lm ost 100 N orth  A m erican  
naiad  sp ec ie s  have been  studied , i t  has 
becom e evident th a t among th is  la rg e  
and highly evolved group re la tiv e ly  few 
a re  re g u la rly  h e rm ap h ro d itic . E s ­
sen tia lly  the s itua tion  i s  s im ila r  to th a t 
in  the  m a rin e  lam e llib ran ch s  in  which 
a lso  th e re  a re  com paratively  few sp ec ies  
th a t a re  m onoecious. Among the  naiades, 
only the Anodontinae and the  L am psilinae 
ap p ear to  have sp ec ie s  in  w hich the  con­
dition  o c c u rs  re g u la r ly  and only 4 sp ec ie s  
a re  involved: 3 in  the  fo rm e r  sub­
genus and 1 in the la t te r .  A ll of the 
spo rad ic  c a se s  that w ere  d e tec ted  in  22 
sp ec ie s  o r  fo rm s  c le a r ly  belong to the

6The unusual condition of the gonads of the 2 
specim ens here quoted has been recently 
discussed (van der Schalie, 1969). It was 
s tre s se d  that the sim ultaneous production of 
eggs and sperm  is quite uncommon among 
freshw ater m ussels.

catego ry  th a t Coe (1943: 156) considered  
a s  acciden tal o r  developm ental am bi- 
sexuality . U nder th is  heading he sta ted : 

"Even in  sp e c ie s  which a re  o therw ise  
s tr ic t ly  of s e p a ra te  sex es th e re  m ay be 
an occasional individual w ith functional 
h e rm ap h ro d itism . T hese  can a ll be con­
s id e re d  as  re su ltin g  fro m  deviations in 
the  developm ental p ro c e s s e s  due to a 
fa ilu re  of the sex -d iffe ren tia tin g  m echa­
n ism  to function norm ally . The p ro ­
p o rtio n  of sperm atogen ic  and ovogenic 
t is s u e s  in  the gonad is  highly v ariab le , 
som e ind iv iduals having approxim ately  
equal p a r ts  of both sexual types, while 
o th e rs  a re  p rin c ip a lly  one sex, with but 
few  c e lls  c h a ra c te r is tic  of the opposite 
sex . T his type of sexuality  i s  m ore  
com m on in the pelecypods than in  m ost 
o th e r g roups of an im a ls  and i t  o ccu rs  
freq u en tly  in young ind iv iduals a t the 
f i r s t  rep ro d u c tiv e  season . In c e rta in  
lo ca l r a c e s  of ov iparous o y s te rs , clam s 
and m u sse ls  i t  i s  p o ssib le  to de term ine  
w hether the in itia l sexual phase  is  norm al 
o r  acc id en ta l.”

In the  p re se n t study spec im ens from  
sp e c ie s  found to be re g u la r ly  h e rm ap h ro ­
d itic  p re sen ted  a  "n o rm al” h isto log ical 
p ic tu re , w ith m ale  and fem ale  t is su e s , 
re sp . acin i sep a ra te , a  s itu a tio n  th a t was 
a lso  encountered in  M argaritaria, 
Strophitus  and Gonidea. The o ther o c ­
ca s io n a l h e rm ap h ro d ite s , how ever, w ere  
a s  a ru le  p redom inantly  of one sex, with 
only som e t is s u e  o r  c e lls  of the o ther 
sex  developing in  o r am ong the  fo llic le s  
o f the dom inant sex.

The vario u s occasio n a l h e rm ap h ro ­
d ite s  detected  w ere  ce rta in ly  not r e ­
s tr ic te d  to , o r  p rev a len t in, young in d i­
v iduals . But Coe does not quote only 
age a s  a  fac to r connected w ith m odifi­
ca tion  of the sexual s ta te . T em p era tu re , 
re s p . season , and se v e ra l o th e r fa c to rs  
have a lso  been incrim in a ted . Thus, fo r 
in stan ce , n u tritiona l d is tu rb a n c e s  of the 
Bom bay o y ste r  apparen tly  re su lte d  in 
an  in c re a se d  p ro p o rtio n  of m ales , w here­
a s  in  y e a rs  and locations favoring  rap id  
grow th, V irg in ia  o y s te rs  had a  la rg e  
p ro p o rtio n  of fem ales . H abita t has been
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co n sid e red  to play a  ro le : W eisensee 
(1916: 292) c la im ed  to have observed  
th a t the  d ioecious condition w as norm al 
fo r  Anodonta cygnea  liv ing in r iv e r s ,  
w hile those  liv ing  in  im pounded w a te rs  
tended  to be herm aphrod itic .

In o th e r in s ta n c e s  v a ria tio n  i s  a t t r i ­
bu ted  to h e red ity  p e r  se: Coe (1943) 
r e p o r ts  r a c e s  w ith d ifferen t hered ity  in 
the  V irg in ia  o y ste r . B loom er (1939) 
r e p o r ts  populations of Anodonta cygnea 
in  which h e rm ap h ro d itism  w as re la tiv e ly  
m o re  com m on than in  o th e rs  in  a  con­
stan t m anner. F ro m  the  findings r e ­
p o rted  in  th is  su rvey , i t  ap p ea rs  quite 
p o ss ib le  th a t w ide-rang ing  spec ies, such 
a s  Anodonta im b e c il l is , m ay not be h e r ­
m aph ro d itic  throughout th e ir  whole 
range , so th a t n o rth e rn  fo rm s  may differ 
in  th is  r e s p e c t  fro m  the sou thern  r e p r e ­
se n ta tiv e s  (?A . peggyae). Such a  reg io n ­
a l d ifference  w as recen tly  shown to ex is t 
(van d e r S chalie , 1965) in a  fre sh w a te r 
gastropod , Campe lom a, w hich in  the 
n o rth e rn  United S ta te s  i s  parth en o - 
genetic , no m a le s  being known fro m  that 
reg ion .

Though in te re s tin g  to specu la te  on, 
W eisen see ’s  contention as to a  d ire c t 
influence of the  environm ent would, a c ­
cord ing  to h is  own testim ony, need much 
add itional in vestiga tion  b efo re  i t  could 
be p lausib ly  substan tia ted . Although a 
wide c ro s s - s e c tio n  of the N orth  A m eri­
can  m u sse l fauna h as  now been  sam pled, 
including m u sse ls  living in  s tre a m s  as 
w ell a s  in  lak es , it  has not been  possib le  
so  fa r  to  d em o n stra te  any environm ental 
fa c to r  th a t would ind ica te  any causal 
re la tio n  w ith sexuality . The extent of 
am b isex u a lity  and the m echan ism s p ro ­
ducing i t  s t i l l  re m a in  open questions. 
S tud ies would need to  be in ten sified  so 
a s  to cover sp e c ie s  in  g re a te r  detail, 
i .e . ,  a t d iffe ren t ages, sea so n s  and lo c a li­
t ie s .  Such in v estig a tio n s a re  not easy 
b ecau se  gonad s m e a rs  o r  sec tio n s m ust 
be m ade to  d isco v e r h e rm ap h ro d itism  
and  am ple m a te r ia l  m u st be p rocu red . 
W hile i t  would be of in te re s t  to explore 
fa c to rs  (chem ical, physica l, e tc .) th a t 
m igh t p e rh ap s  se rv e  to induce sex

changes in  the  n aiades, th is  group un­
fo rtu n a te ly  does not lend its e lf  read ily  
to  la b o ra to ry  ex p erim en ts . However, 
in v es tig a tio n s  a r e  continuing. A rran g e­
m en ts  have been  m ade fo r the p ro c u re ­
m en t of M argaritaria  fro m  the Rocky 
M ountain reg io n s  of the  U.S.A. during 
th e  ac tive  sea so n  of the  y ea r, and a  study 
to  d e te rm in e  the  sex  ra t io s  of se v e ra l 
c o m m erc ia lly  im p o rtan t m u sse ls  i s  b e ­
in g  conducted by the U n iversity  of M ichi­
gan in  Kentucky Lake, T ennessee , and in 
th e  M uskingum  R iv er in Ohio.
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RÉSUMÉ

L'HERMAPHRODISME CHEZ LES MOULES D'EAU DOUCE 
D'AMÉRIQUE DU NORD

H. van d e r Schalie

L es  in fo rm ations s u r  l 'e x is te n c e  de l'h e rm ap h ro d ism e  p a rm i le s  m oules d 'eau  
douce de la  r ich e  faune des U .S.A., sont fra g m e n ta ires . D ans ce tte  étude, le s  gonades 
de 1871 ex em p la ires  app arten an t à  97 esp èces  e t 32 g e n re s  ont é té  exam inées h is to -  
logiquem ent, p ar la  technique d es  coupes à  la  paraffine . Seulem ent 4 e sp èces  parm i 
2 sub fam illes des unionides se  sont m o n trée s  e ssen tie llem en t h e rm ap h ro d ite s  (mono­
ïques); 3 chez le s  Anodontinae: Anodonta im b e c illis , L asm igona co m p ressa  e t (espèce 
tou te  proche) L . sub v ir id is;  1 chez le s  L am psilinae: C arunculina parva .

D es herm ap h ro d ites  acc id en te ls  ont é té  tro u v és chez 22 a u tre s  e sp èces  ou fo rm es, 
appartenan t à  17 g en re s  et 2 fam ille s . En g én éra l, de te ls  individus ont g énéra lem en t 
un sexe dom inant, avec seu lem en t une fa ib le  quantité de t is s u s  de l ’a u tre  sexe. Un 
spêcim èn  am bisexuê a  été tro u v é  chez le s  M argàritan idae, chez M a rg a ritife ra  m a r ­
g a r itife ra , p a rm i 24 spéc im ens sec tio n n és re p ré se n ta n t 2 g en res  e t esp èces. Chez 
le s  U nionidae, d es  h e rm ap h ro d ite s  acc id en te ls  se  ren co n tren t dans le s  3 subfam illes. 
P a rm i le s  Unioninae, su r  567 sp éc im en s (34 esp èces, 11 g en res) exam inés, de te ls  
individus ont été tro u v és  dans 9 e sp èces  (ou fo rm es) et 5 g en res , so it: E llip tio  d ila ­
ta tu s, E . productus, F usconaia ebenus, F . flava , Gonidea angulata, P leurobem a  c o r ­
datum , P . c . coccineum , Quadrula quadrula  e t Tritogonia  verru co sa . P a rm i le s  Ano­
dontinae, su r  un to ta l de 479 sp éc im en s (20 esp èces, 5 genres) sec tionnés, des h e r ­
m aphrod ites acc id en te ls  ont é té  m is  en évidence chez 5 e sp èces  appartenan t à 5 
g en res , dont 2 sont des g en re s  com portan t au ssi des e sp è c e s  h e rm ap h ro d ite s ; c. a.d. 
q u 'i ls  se  ren co n tren t chez: Anodonta corpulenta, A . g ra n d is  foo tiana  e t L asm igona  
com planata  a insi que chez A la sm idon ta  m arginata  e t Strophitus rug o su s. Chez le s  
L am psilinae , avec un to ta l de 801 spéc im ens (41 esp èces, 14 gen res) sec tionnés, le  
phénom ène a été à nouveau tro u v é  chez 7 e sp èces  re p ré se n ta n t 6 g en re s , c .a .d . chez: 
A ctinonaias e llip s ifo rm is , L a m p s ilis  cario sa , Leptodea la ev iss im a , P ro p tera  alata, 
P tychobranchus fa sc io la r is , P . sub ten tum  e t V illosa  (M icrom ya) iris-.

Ce re lev é , à peu p rè s  com plet d es  m oules d ’eau douce am é ric a in es , m on tre  q u 'e lle s  
son t généra lem en t d io ïques. L a  question r e s te  to u jo u rs  posée de sav o ir , s i  oui ou 
non, l 'h e rm ap h ro d ism e  a p p a ra ît chez d es anim aux p la c é s  dans des conditions de 
m ilieu  d iffic iles, com m e ce la  a  é té  a n té rie u rem e n t suggéré.

A. L.

RESUMEN

HERMAFRODITISMO EN ALMEJAS DE AGUA DULCE 
DE NORTE AMERICA

H. van d e r Schalie

La inform ación  ex is ten te  a c e rc a  de la  am plitud del h e rm afro d itism o  en la  r ic a  
fauna de naiades de U.S.A. e s  fra g m e n ta ria . P a ra  e l p re se n te  estudio  se  exam inaron  
la s  gonadas de 1871 e je m p la re s  p e rten ec ien te s  a  97 esp ec ie s  de 32 g éneros, usando 
c o r te s  de bloques de p a ra fin a . Sólo 4 e sp ec ies , en dos su b fam ilias de uniónidos, 
m o s tra ro n  s e r  dom inantem ente h e rm a fro d ita s  (m onoicos); 3 en Io s Anodontinae: 
Anodonta im b e c illis , L asm igona  co m p ressa  y (la e s trech am en te  em paren tada) L . su b ­
v ir id is , y 1 en Ios L am psilinae: C aranculina parva.
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E n o tra s  22 esp ec ies  o fo rm a s , p e rte n e c ien te s  a 17 g én ero s y 2 fam ilia s , se  en­
co n tra ro n  h e rm afro d ita s  esp o rád ico s. U sualm ente e s to s  individuos p a recen  s e r  
p redom inan tem ente  de un sexo, con sólo una pequeña cantidad de tejido gonadal del 
sexo opuesto. Un e jem p la r am bisexual se encontró en M arg aritan id ae , en M a rg a riti­
fe r a  m a rg a ritife ra , en tre  24 e je m p la re s  seccionados que re p re se n ta b an  2 géneros y 
e sp ec ie s . E n  Ios U nioninae, individuos accidentalm ente m onoicos a p a re c ie ro n  en la s  
3 sub fam ilias. E n tre  Io s U nioninae con 567 e je m p la re s  (34 esp ec ie s , 11 géneros) 
exam inados, ta le s  individuos se  en co n tra ro n  en 9 e sp e c ie s  (o fo rm as) de 6 géneros: 
E llip tio  di la ta tu s ,E . productus, Fusconaia ebenus, F . fla va , Gonidea angulata, P leu ro ­
bem a cordatum , P . c . coccineum , Quadrula quadrula ,y  Tritogonia ve rru co sa . E n  Ios 
Anodontinae, con un to ta l de 479 e je m p la re s  (20 esp ec ie s , 5 géneros) seccionados, 
h e rm a fro d ita s  esp o rád ico s se  m o s tra ro n  en 5 e sp ec ie s  de 4 géneros, de Io s cua les 2 
g én ero s son Ios que tam b ién  contenian  la s  e sp ec ies  predom inan tem ente  h e rm afro d ita s ; 
la s  5 e sp ec is  son: Anodonta corpulenta , A . g rand is footiana , L asm igona  complanata, 
A lasm idon ta  m arginata  y S troph itus rugosus. En Ios L am psilinae  con un to ta l de 801 
espec im enes (41 esp ec ie s , 14 géneros) seccionados, la  condición fue d e tec tad a  en 
o tra s  7 e sp e c ie s  re p re se n ta n te s  de 6 géneros: A ctinonaias e ll ip s ifo rm is , L a m p silis  
cariosa , Leptodea la ev iss im a , P ro p te r  a alata, P tychobranchus fa sc io la r is , P . su b -  
te m u m  y V illosa  (M icro m ya ) ir is .

E s ta  inspección  de un c a rá c te r  m a s  b ien  extensivo de Ios naiades am erican o s, 
m u e s tra  que e llos son g en era lm en te  dioicos. Queda aun p o r r e s o lv e r  la  cuestión  s i 
e l h e rm afro d itism o  ap a re c e  o no en Ios an im ales que confrontan  condiciones am bi­
en ta les  d ific iles.

J . J . P.

Á E C T P A K T

rEPMA4>P0HMTM3M Y CEBEPO-AMEPMKAHCKMX 
JIPE CHOBOÜHbK MOJIJIIOCKOB

r .  B A H -H E P  IHEÎUIM

0 repMa4)poíiMTM3Me c p e a n  npecHOBoaHBix n a n a n  a ,  dpayHa KOTopnx b CUA 
oueHb ó o r a T a ,  H3BecTHo oqeH b Majio. B HacTonuien cTaTbe paccMaTpHBaiDTcH 
pe3yjibTaTH  rac T o J io rn q e c K o ro  M3yqeHMH roH aa sth x  mojijiiockob, nojiyveHHBix ot 
1871 3K3eMnjinpa 97 bmziob M3 32  p o ao B . üjih cpe30B  ncnoJib30B ajincb  napaçMm- 
HOBbie ÔJIOKM.

Jlniiib 4 B naa M3 2 rioaceM encTB yHnoHMa öbijim npenMymecTBeHHo repM a$poan - 
thbimm ( oziHoaoMHBiMn ) . 3 t o  3 B naa M3 Anodontinae: Anodonta im becillis, Lasmigona 
compressa  m 6 jih 3Kopoac TBeHHBin L . subviridis  M oanH bmæ m3 Lam psilinae Carunculina 
parva.

C nopaanqecK nñ repMad)poanTM3M öbiji oTMeneH y  22 snaoB  mjim (fcopM, o th o c h -  
ihhxch K 17 poaaM  m 2 ceM encTsaM . Oöbiuho Taitne ocoön  c B nay KascyTcn o u h o - 
nojiBiwn, jimhib c Heöojibiuon nacTbio roHaaBi npoTMBonoJioiacHoro n o jia . OaHa aB y- 
no jian  o co ó b  öBuia H anaeH a cpeaM MaprapMTMHMa- M argaritifera m argaritifera, M3 
24 3K3eMnanpoB, Ha KOTopBix öbijim caejiaHBi cpe3Bi,npeacTaBJiaioT 2 BMaa m bm- 
a a .  143 Unionidae cjiyqañH o oaHoaoMHBie ocoöm öbijim bcT peuehbi bo B cex  Tpex 
noacei/ieM CTsax. Opean npocMOTpeHHBix 567 3K3eMnjinpoB (3 4  BMaa m 11, p o a o ß )  
T aKMe o co ö n  öbijih HanaeHBi y  9 b n a  o b (mjim dpopivt) M3 5 p o ao B . 3 t o :  Elliptio
dilatatus, E . productus, Fusconaia ebenus, F . flava, Gonidea angulata, Pleurobema cordatum, 
P . c. coccineum, Quadrula quadrula H Tritogonia verrucosa.
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143 479 M3yueHHBix 3K3eMriJiHpoB Anodontinae (2 0  bm.hob m 5 p o z io ß ), c n o p a -  
¿CMuecKMM repMa$poflMTM3M Öbiji oTMeueH y  5 bmæob M3 4 p o a  o b . 143 hmx 2 o th o -  
cmjimcb K poziaM, TaKxe HMeiomMM npeMiVtymecTBeHHo repMa&poziMTHBie bmubi. 3 to :  
Anodonta corpulenta A . grandis footiana m Lasmigona complanata , a  T.aKace Alasmidonta  
marginata  m Strophitus rugosus. 143 Lam psilinae öbiji M3yueH 801 3K3eMruiHp ( 41 bmzia  
M3 14 p o a o B );  yKa3aHHBie BBiuie ocoöeHHocTM oTMeueHBi y  7 bmhob m3 6 pozioB, 
a  MJ.teHHO : Actinonaias elipsiform is, Lam psilis cariosa, Leptodea laevissim a, Proptera alata, 
Ptychobranchus fa sc io la r is , P . subtentum  m Villosa (M icromya) ir is .

OtM ZIOBOJIbHG 3KCTeHCM3HB!e MC C Jie KOB aHMH aMepHKaHCKMX HaflZIMÄ nOKa3aJIMj 
u t o  o h m  h b j i h k t c h  npeM M yqe c TBe h  h o  pa3ziej ibHonojiB iM M . B o n p o c  o t o m , i i o h b j i h - 
eTCfl j im  repMa(JipoziMTM3M y  t o b o t h b i x  b  x pyaH B ix  y c jioB M flx  cymecTBOBaHMH, o c T a -  
e i c f l  n o n a  o t k p b i t b i m .

Z. A. F.


